Abstract: Studying the characteristics, trends, and evolution of carbon emissions in agricultural related sectors is of great significance for rational formulation of carbon emission reduction policies. However, as an important carbon emission reduction policy, carbon tax has been controversial over whether or not it should be levied on China. Based on this consideration, this paper takes China's agricultural related sectors as an example and analyzes the degree of carbon tax on macro-environment, macroeconomy, and agricultural sectors during the period 2020-2050 by constructing a 3EAD-CGE (economy-energy-environmental-agricultural-dynamics Computable General Equilibrium) model. The results show that: (1) carbon tax has a time effect, specifically, the short-term effect is better than the long-term. (2) If the incremental rate of carbon tax is carried out alone, it will exert a great influence on the macroeconomy as well as on most of the agricultural related sectors. (3) If a carbon tax is introduced at the same time as indirect taxes are cut (proportionally), the policy will exert a negative impact on agriculture-related sectors that are subsidized. However, the policy will have a positive impact on those nonsubsidized sectors. Finally, based on the results, we put forward some suggestions that are more suitable for the introduction of a carbon tax in China's agricultural-related sectors.
Introduction
At present, China's economy has further developed. However, there is no denying that economic development has also brought various negative consequences, such as an energy crisis (from supply) and environmental pollution problems, which are inseparable from the current extensive economic development [1] . Because the energy and environmental problems are without borders, the extensive only in China), the extensive agriculture, together with the large demand for agricultural products in other nonagricultural sectors, has resulted in huge CO 2 emissions and brought severe challenges to the environment [13, 14] . In this case, how to balance economic development and the sustainable development of agriculture has become particularly important.
CO 2 emissions reduction has become a hot issue in the international community, and in particular, the decoupling of CO 2 emissions from economic growth is receiving increasing attention. However, one fact cannot be ignored: at current rates and levels of development, the important roles that fossil fuels play in economic development will not be replaced in the near future, nor can the new carbon capture technology be widely adopted in the short term, owing to high costs and lack of supported techniques [15] [16] [17] . However, as one of the important carbon emission reduction measures, a carbon tax has been postulated for China, and it is worth considering whether the carbon tax is suitable for China. By analyzing and studying the carbon tax rates, we can find measures for decreasing adverse effects on economic development. Moreover, by levying a carbon tax on agriculture-related sectors, we want to find whether carbon tax is a feasible way to reduce carbon emissions in China.
In order to evaluate the influence of a carbon tax on China's macroeconomy and agriculture-related sectors, it is necessary to rely on a reasonable and effective model to simulate the structural effects of the carbon tax policy under the macroeconomic framework. In this regard, the Computable General Equilibrium (CGE) model provides the possibility of the above assumptions. The CGE model is a class of economic model and by taking each component of the national economy and every link of the economic cycle into a united framework, the model can simulate the final structural influence of the changes in energy and climate policies on the national economic sectors [18] [19] [20] .
At present, the CGE model has been widely adopted for estimating the effectiveness of energy policy [21, 22] . Mahmood and Marpaung [23] used a 20-sector CGE model to investigate the respective effects of a scenario with a carbon tax and a scenario with the cooperative implementation of a carbon tax and energy on the Pakistani economy. The results show that the impact of levying a carbon tax on the GDP is negative, but the impact on reducing emissions of pollutants is positive. Markandya et al. [24] used the CGE model to analyze and compare the differences between developing countries and developed countries in a trade-off between traditional economic development and low-carbon development and found that the adverse impact of the implementation of emissions reduction policies on developing countries is huge. Springmann et al. [25] explored the distribution of carbon quotas among different provinces in China. The results show that eastern China outsourced 14% of its own carbon quotas to central and western regions. Yan et al. [26] used the CGE model to study the environmental and economic effects of the carbon tax on China's net exports from a multiregional and multicommodity perspective. The simulation results show that China was lacking a driving force to reduce domestic carbon emissions. Carlos et al. [27] studied the impact of the carbon tax on China's smart-power-generation industry. The study shows that the effectiveness of the carbon tax policy is closely related to the variables that are not affected by policy makers' decisions, such as natural gas prices, the feasibility of the use of resources, etc. Yang et al. [28] studied the impact of the carbon market on China's environment and economy from the medium term to the long term by constructing a CGE model. The results show that the carbon market will have a positive impact on China's R&D investment.
From the existing literature, we can see that most scholars are focusing on exploring ways to control the reduction of CO 2 emissions and explore reduction degrees. Although many scholars focus on agricultural issues, such as the impacts of the export ban on the corn industry and the overall state of society [29] and the impacts of climate change on yields, production, and prices [30] . However, due to economic system and data constraints, the application of the CGE model to analyze the impacts of carbon tax on agricultural-related sectors is not systematic. Based on China's realities and the CGE model's theory and technology, this study builds a dynamic CGE model with a complex structure that reflects the energy-economy-environment system of Chinese agriculture-related sectors. The system simulates the impact of levying a carbon tax on the macro-environment, macroeconomic variables, and the agricultural-related sectors, so as to reveal the implementation effect of a carbon tax on agricultural related sectors.
Methods and Materials

Model Construction
As an energy reduction policy, carbon taxes achieve the ultimate goal of reducing fossil fuel consumptions and CO 2 emissions by levying tax on fossil fuel products such as coal, oil, and natural gas based on the proportion of carbon content. In order to simulate the impact of the carbon tax on macroeconomy and different agricultural-related sectors, an economy-energy-environmental-agricultural-dynamics CGE model (3EAD-CGE) is constructed in this article to comprehensively analyze the impact of the carbon tax on the production processes of Chinese agriculture-related sectors. In this regard, this study mainly involves 23 agriculture-related sectors, including rice planting; wheat planting; corn planting; beans and potato planting; peanut, rapeseed, and sesame planting; cotton and hemp planting; tobacco planting; tea planting; fruit and other planting; animal husbandry; the dairy industry; forestry; the fishery industry; the slaughtering and meat processing industry; the animal and plant oil processing industry; vegetables and other agricultural processing industries; the sugar products processing industry; the drinks and refined tea processing industry; the tobacco products processing industry; the feed processing industry; the textile industry; the leather products industry; and the wood products processing industry. The rest of the industries are combined into the manufacturing and mining industry, construction industry, transport industry, and service industry. The specific sector definition is shown in Table 1 . , rapeseed and sesame planting  19  Tobacco products processing industry  6  Cotton and hemp planting  20  Feed processing industry  7  Tobacco planting  21  Textile industry  8  Tea planting  22  Leather products industry  9  Fruit and other planting  23  Wood products processing industry  10  Animal husbandry  24  Manufacturing and mining industry  11  Dairy industry  25  Construction industry  12  Forestry  26  Transport industry  13  Fishery industry  27  Service industry  14 Slaughtering and meat processing industry
The main economic entities in the 3EAD-CGE model include households, enterprises, and the government. The model is responsive to population, GDP, and capital recursive growth.
The 3EAD-CGE model normally consists of five modules, including the production block, the market block, the income block, the expenditure block, and the overall balance block. In this paper, in order to reflect the influence of carbon tax on the macroenvironment, the macroeconomy, and the agricultural sectors, we choose the above blocks as a whole to analyze.
The relationship between the specific blocks is shown in Figure 1 . In general, in the production block, the total output is decomposed in the form of the CES total output function, and corresponding to the market block, the total output consists of two parts, one for export and the other for domestic supply. The domestic supply plus the import component constitutes the total domestic consumption. In the income block, the labor and capital from the production block constitute the source of income. The income is divided into enterprise income, household income, and government income. The three parts are linked through transfer payment and taxation. Corresponding to the income block, the expenditure block mainly describes the expenditure status of enterprises, household, and the government and the expenditure is equal to the income. The specific relationship of each part is described below.
Production Block
In the model, we assume that the agriculture-related sectors are perfectly competitive enterprises and that scale returns remain unchanged. Based on this, we construct a multilevel nested constant elasticity of substitution (CES) production function to describe the substitutability of different factors of production. The production block is divided into five levels. In the first level, the inputs of the aggregation of intermediate commodities and the aggregation of capital-energy-labor are transformed into the total output in the form of the CES total output function. The first-level module formulas are as follows: In general, in the production block, the total output is decomposed in the form of the CES total output function, and corresponding to the market block, the total output consists of two parts, one for export and the other for domestic supply. The domestic supply plus the import component constitutes the total domestic consumption. In the income block, the labor and capital from the production block constitute the source of income. The income is divided into enterprise income, household income, and government income. The three parts are linked through transfer payment and taxation. Corresponding to the income block, the expenditure block mainly describes the expenditure status of enterprises, household, and the government and the expenditure is equal to the income. The specific relationship of each part is described below.
In the model, we assume that the agriculture-related sectors are perfectly competitive enterprises and that scale returns remain unchanged. Based on this, we construct a multilevel nested constant elasticity of substitution (CES) production function to describe the substitutability of different factors of production. The production block is divided into five levels. In the first level, the inputs of the aggregation of intermediate commodities and the aggregation of capital-energy-labor are transformed into the total output in the form of the CES total output function. The first-level module formulas are as follows:
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In time point t, where QA i(t) denotes the output in i sector,
is the size parameter under the i department output, a i q (t) is the share parameters of the output of capital-energy-labor in department i, QKEL i(t) is the demand for finished products of capital-energy-labor in department i, ρ i q is the substitution parameter between intermediate inputs and capital-energy-labor in department i, QI NTA i(t) is the requirements of intermediate inputs in department i, PKEL (t) is the price of finished products of capital-energy-labor in department i, PI NTA i(t) is the price of intermediate inputs in department i. In the second level, the aggregation of capital-energy-labor is decomposed into the synthesis beam of capital-energy and the labor force. The second-level module formulas are as follows: In the third level, the synthesis beam of capital-energy is further broken down into two parts: capital and energy. The specific formulas for the module are as follows:
In time point t, where A i ke (t) denotes the size parameter for finished products of capital-energy in department i, a i e (t) is the share parameters of the energy of capital-energy in department i, QED i(t) is the demand for energy in department i, ρ ke i is the substitution parameter between labor and energy in department i, QKD i(t) is the demand for capital in department i, PED i(t) is the price of finished products of energy in department i, PK i(t) is the price of capital input in department i.
In the fourth level, the synthesis beam of energy is further decomposed into fossil energy and electricity in the form of the CES function. The specific formulas for the module are as follows: In time point t, where A i e (t) denotes the size parameter for finished products of energy in department i, QELD i(t) is the demand for thermal power-energy in department i, ρ i el f is the substitution parameter between thermal power and the composite beam of fossil energy in department i, QFD i(t) is the demand for the composite beam of fossil energy in department i, PELD i(t) is the price of finished products of thermal power-energy in department i, PFD i(t) is the price of the composite beam of fossil energy in department i.
In the last level, the synthesis beam of fossil energy is further decomposed into coal, oil, and natural gas in the form of the CES function. The specific formulas for the module are as follows:
In time point t, where A i f (t) denotes the size parameter of the composite beam of fossil energy in department i, a i c (t) is the share parameters of coal in department i, a i o (t) is the share parameters of oil in department i, QCD i(t) is the demand for coal in department i, QOD i(t) is the demand for oil in department i, QGSD i(t) is the demand for natural gas in department i, ρ i cog is the substitution parameter of coal, oil, and natural gas in department i, PCD i(t) is the price of coal in department i, POD i(t) is the price of oil in department i, PGSD i(t) is the price of natural gas in department i. In the part of Section 2.1.1, in order to facilitate the calculation, all the input units of demand are 10,000 Yuan. For example, the units of QCD i(t) , QOD i(t) , and QGSD i(t) are 10,000 Yuan. In addition, the above demands a calculated in one year.
Market Block
In the 3EAD-CGE model, assuming that the market clears, the number of commodities supplied on the market QC i(t) is the sum of the quantity of imports QM i(t) and the quantity of goods produced domestically QAM i(t) in the CES form. Under Ammington's condition, the quantity of the products supplied by enterprises to the market QC i(t) can maximize the profits of the enterprises. The specific formulas for the module are as follows:
In time point t, where QC i(t) denotes total supply of goods i in the domestic market, A i
is the size parameter of the supply of goods i in the domestic market, QM i(t) is the quantity of imported goods i, QAM i(t) is the quantity of the synthetic products in the domestic market, ρ i am is the substitution parameter of the synthetic products and imported goods i, PM i(t) is the price of imported goods i, PAM i(t) is the price of the synthetic products i in domestic market. In Equation (15) , the domestic price of imported goods is determined by the world exchange rate EXR (t) and the international price pwm i(t) , which includes the import duty rate τ i m (t) . The specific formula for the module is as follows: Similarly, the total output of the sector QA i(t) is the sum of the domestic market supply and exports. Under Ammington's condition, the number of products that enterprises supply to the market can minimize the cost of the enterprises. The specific formulas for the module are as follows:
In time point t, where A i t (t) denotes the size parameter of producing goods i in domestic market, a i t (t) is the share parameters of export goods i, QE i(t) is the quantity of goods i produced domestically for export, QDS i(t) is the quantity of goods i produced domestically and used domestically, ρ i t is the substitution parameter of domestic sales and exported goods i, PE i(t) is the price of goods i produced domestically for export, PDS i(t) the price of goods i produced domestically and used domestically. In Equation (18), the domestic price of the exported commodity is determined by the world exchange rate EXR (t) and the international price pwe i(t) , which includes the import duty rate τ i e (t) . The specific formula for the module is as follows:
Similar to Section 2.1.1, in this part, in order to facilitate the calculation, the units of all kinds of quantity of goods are 10,000 Yuan, such as the QC i(t) , QM i(t) , and QAM i(t) , etc.
Income Block
The income block mainly describes the income distributions of the households, the enterprises, and the government. The specific formulas for the module are as follows:
In time point t, where YH (t) denotes the households' income, TR ent(t) is the transfer payment for households from enterprises, TR gov(t) is the transfer payment for households from government, YENT (t) is the enterprise income, shi f entk(t) is the share parameters of income distribution to the enterprise from capital, shi f hk(t) is the share parameters of income distribution to the household from capital, TR entgov(t) is the transfer payments to the enterprise from government, YG (t) is government revenue, I NDTAX (t) is the production of indirect tax income, τ i is the production tax rate of goods i, η is the rate of households' income taxes, υ is the rate of enterprise income taxes, CTAX (t) is carbon tax, TARIFF (t) is tariffs.
In this study, we follow the assumption that direct and indirect taxes are defined as fixed shares in the model. In addition, the assumption that government financial revenues and expenditures are balanced is applied in this model. Similar to Section 2.1.1, in this part, in order to facilitate the calculation, the units involved in the income are all 10,000 Yuan, such as the YH (t) , TR ent(t) , and TR gov(t) , etc. 
Expenditure Block
Corresponding to the income block, the expenditure block mainly describes the operations of the market economy in the process of the households, the enterprises, and the government spending and saving. The relationship between savings, income, and expenditure is as follows:
In time point t, where EH (t) denotes households' consumption, mpc (t) is residents' marginal propensity to consume, HS (t) is household savings, ENTS (t) is enterprise savings, EENT (t) is enterprise spending, GS (t) is government savings, EG (t) is government spending, I NV (t) is total investment, TS (t) is total savings, FI NV (t) is foreign investment, esub i(t) is households' marginal propensity to consume, ESUB (t) is export tax rebate.
Similar to Section 2.1.1, in this part, in order to facilitate the calculation, the units involved in the expenditure are all 10,000 Yuan, such as the EH (t) , EG (t) , and EENT (t) , etc.
Closed Module
For the balance of payments, the exchange rate of the general equilibrium is determined according to Equations (32)- (34) . The specific formula is as follows:
where QKS i(t) donates the capital supply of industry i in period t, QLS i(t) is the size of the labor force in t of department i.
For the savings-investment closure, this paper uses neoclassical closure rule, that is, savings decide investments. All the savings in the economic entities will be transformed into investment and the specific formula is shown as follows:
For the zero profit condition, this paper uses the unit product price equal to unit sales price to determine the level of production activities in a balanced state.
Dataset
Based on the basic principles of the input-output table of China in 2012 [11] combined with the China Statistical Yearbook [10] and the China Financial Yearbook [31] , which are authorized by the Ministry of Finance, the National Bureau of Statistics, and other related central ministries and commissions as well as information from social research, this article has compiled a social accounting matrix (SAM) of Chinese agriculture-related sectors, which is coordinated with the 3AED-CGE model. Because the input-output table of China in 2012 includes 139 sectors, for the purposes of this analysis, the agricultural industry is decomposed and 23 agriculture-related sectors are selected based on this decomposition. The rest of the industries are combined into the manufacturing and mining industry, construction industry, transport industry, and service industry.
CO 2 emissions are mainly reflected in the production block. Based on social accounting matrix which can reflect the input-output situation of different agriculture-related sectors in China, and on the proportion of other sectors which consume in the intermediate production process of different agricultural-related sectors accounting for the total output of the sector, CO 2 emissions of agricultural-related sectors in the intermediate production process can be calculated due to the consumption amount of coal, oil, natural gas, and electricity by other sectors. Correspondingly, in the production structure, the carbon tax is levied on the basis of CO 2 emissions of agriculture-related sectors. The result of the carbon tax will affect a variety of energy substitutions as well as energy and capital substitutions. As the scope of carbon tax levied mainly due to the combustion of fossil fuels caused by CO 2 emissions, based on this, this paper does not consider other CO 2 sources such as pesticide, fertilizer, and agricultural film.
Moreover, the State Council Development Research Center of China pointed out that China's economy will experience a weak resurgence in 2013 with hope for year-on-year growth of 8.1%. From 2013 to the next decade, China's economy will change to a medium growth at a rate of 6% to 8% [32] . According to the above analysis, from 2013 to 2020, China's GDP growth rates are set at 7.55%. From 2021 to 2050, the GDP growth rate refers to the research of Wang et al. [33] . For the population, according to the estimate in the Research Report of Chinese Population Development Strategy [34] , the population will increase by 8 million annually in China. Based on 135,404 million people in China in 2012, it is possible to roughly estimate the growth rate of China's population by 2050. Specifically, China's GDP and population growth rates from 2012 to 2050 are shown in Table 2 . Note: The unit of GDP is 100 million RMB, and the unit of population is 10,000.
The 3AED-CGE model uses a recursive dynamic mechanism, which can be used to solve the equilibrium solution in each period from the base year to 2050. The specific formulas are as follows:
QKS i(t+1) represents the capital supply of industry i in period t + 1, and κ i represents the current depreciation rate of industry i. ID i(t) is the current investment of industry i. QLS i(t+1) represents the size of the labor force in t + 1 of department i, and λ i is the labor growth rate.
A small number of the parameters in each function in the 3AED-CGE model are exogenously determined and estimated. Such as the substitution parameters which are reflecting the substitution between different factors. Most of the parameter values are obtained by substituting data from the SAM in the base year and then inversely deducing the values of unknown parameters such as the size parameters which are reflecting the efficiency of the overall use of society, the share parameters which are reflecting the contribution of factors in the production process, etc. For the size parameters, according to the Equations (1), (3), (7), (9), (11), (14) and (17), the size parameters of the respective variables can be obtained. For example, the size parameter A i q (t) can be obtained in the following formula converted by Equation (1):
The remaining size parameters can also be obtained in a similar manner. For the share parameters, the values can be obtained according to the Equations (2), (4), (8), (10), (12), (13), (15) and (18) . For example, the share parameter a i q (t) can be obtained in the following formula converted by Equation (2):
The remaining share parameters can also be obtained in a similar manner. The derivation of the size parameters and share parameters can be found in Pan [35] .
For the substitution parameters that are exogenously determined and estimated, this study mainly refers to the results of Pan [35] and Dai et al. [36] 
Scenarios Design
Since Finland first implemented a carbon tax policy in 1990, the policy of a carbon tax as a response to global warming has been adopted by some Western countries. Carbon tax policy implementation has been brewing in China. The task force of the National Development and Reform Commission and the Ministry of Finance has pointed out that 2012 would be the appropriate time to launch a carbon tax. In addition, due to the most recent year of China's input-output table being 2012, and from the practical significance of this study and the data acquisition point of view, in this analysis, the carbon tax base period is set in 2012. Through the 3EAD-CGE model, during 2012-2050, a carbon tax on CO 2 from the consumption of fossil fuels in the production processes of agriculture-related sectors and from the consumption of energy products in the production processes is simulated.
China has made an ambitious commitment to cut down its carbon dioxide emissions of GDP per unit from 40% to 45% by 2020 compared with that in 2005. Accordingly, CO 2 emissions come from the fossil energy consumption when enterprises produce their products. And all sectors should take emissions reduction into account and then decide the appropriate activity level. Agricultural-related sectors are no exception. According to the above analysis, the carbon tax may be an effective means of reducing emissions. Internationally, most countries impose a fixed carbon tax rate, and the fixed carbon tax rate is usually lower in the early period of introduction and then is gradually increased. However, carbon tax levied in China has not really been implemented, and the tax rate is still no basis to determine the level of carbon tax to be imposed. In this regard, referring to the international carbon tax precedent, Li et al. [37] whose research introduces carbon tax into China, Meng and Pham [38] whose research introduces carbon tax into the tourism sector in Australia, and Meng [39] whose research focuses on the impact of carbon tax on electricity sector, this article sets up six different scenarios to impose a carbon tax on agriculture-related sectors. Among them, according to the international general experience, the carbon tax should be set gradually in accordance with the low to high, and it is not reasonable to set the carbon tax too high, otherwise the impact on the macroeconomy will be more significant. Scenario 1 is the business as usual (BAU) scenario, in which China does not implement a carbon tax policy between 2012 and 2050. Scenario 2, scenario 3, and scenario 4 can be referred to as CT20, CT30, and CT40 based on the carbon tax rates 20 yuan/ton, 30 yuan/ton, and 40 yuan/ton, respectively. In these scenarios, starting in 2012, the carbon tax rate is increased by 4.33%, 3.22%, and 2.44% per year, respectively, until they each reach 100 yuan/ton in 2050. Scenario 5 and scenario 6, which can be referred to as CTB40 and CTB60, implement balanced tax rates. In scenario 5 and 6, the carbon tax rates are assumed to be 40 yuan/ton and 60 yuan/ton, the indirect production tax is reduced proportionally so that the total tax burden is unchanged. The specific scenarios are shown in Table 3 . 
Note: "+" indicates the given scenario contains the corresponding policy, and "−" indicates that the corresponding measure is not considered.
Results
The Changes in Macro-Environment
At present, the world economy is in transition to a low-carbon economy. In this regard, China is also responding positively. In September 2007, China's National Development and Reform Commission (NDRC) issued the Medium and Long-term Plan of Renewable Energy Source Development to raise the weight of renewable energy to 10%, as a proportion of total primary energy consumption in 2010, and further to 15% in 2020, which is expected to contribute greatly to the objectives of saving about 5-6 billion tons of CO 2 emissions by 2020 [40] . However, despite this situation, China's current energy structure is still unbalanced compared with the world level, and China's unbalanced structure results in a series of problems, especially regarding the CO 2 emissions that may hinder sustainable development [41] . This kind of situation is also reflected in agriculture-related sectors. Controlling agricultural CO 2 emissions may not only have a positive impact on the sustainable development of agriculture itself, but it may also make a corresponding contribution to the development of low-carbon agriculture. Based on the GDP forecast in China from 2012 to 2050, this section uses carbon intensity as an indicator to compare the CO 2 emission values of a unit of GDP under different scenarios. Because the indicator of carbon intensity can not only reflect economic condition, but reveal the environmental effects with the development of economy. The results are shown in Figure 2 . In general, if agriculture-related sectors do not impose a carbon tax in the future, carbon intensity will decrease from 1.454 t/10 4 yuan in 2012 to 1.372 t/10 4 yuan in 2050, for a total decrease of 5.640%. However, according to the simulation results, the average annual growth rate of CO2 emissions in the period from 2012 to 2050 is 6.172%, given the rapid growth rate of GDP, which is due to the absence of carbon emission reduction measures. It can be seen from Figure 2 that after the carbon tax is levied, the reduction in the carbon intensity is obviously relative to the scenario without a carbon tax. In the CTB40 and CTB50 scenarios, the reduction of the carbon intensity is more obvious than in the CT20, CT30, and CT40 scenarios. This is mainly because increasing the carbon tax while reducing the indirect production tax in the same proportion will decrease product prices, increase consumer demand for products, enlarge the scale of reproduction, and increase GDP compared to the BAU scenario. At the same time, compared with CT20, CT30, and CT40, the extent of the impact on carbon emissions is greater than the extent of the impact on GDP, so the changes in carbon intensity are more obvious than in the previous three scenarios. In addition, Figure 2 shows that the impact of a carbon tax on China's carbon intensity gradually weakens as time passes by. Taking CT30 as an example, from 2012 to 2030, the value of carbon intensity varies from 1.446 t/10 4 yuan to 1.373 t/10 4 yuan, and the magnitude of the decrease is 5.048%. From 2030 to 2050, the value of carbon intensity varies from 1.373 t/10 4 yuan to 1.346 t/10 4 yuan, and the magnitude of the decrease is 1.966%, which is similar to other scenarios. This suggests that the application of a carbon tax policy to reduce CO2 emissions in agriculture-related sectors has an effect in the short term.
The Changes in Macroeconomy
The impact of the carbon tax on China's carbon intensity is mainly through the impacts on GDP and on carbon emissions. Although the effect of reducing the carbon intensity is significant, as an important energy-saving policy, the feasibility of the carbon tax policy depends not only on its In general, if agriculture-related sectors do not impose a carbon tax in the future, carbon intensity will decrease from 1.454 t/10 4 yuan in 2012 to 1.372 t/10 4 yuan in 2050, for a total decrease of 5.640%. However, according to the simulation results, the average annual growth rate of CO 2 emissions in the period from 2012 to 2050 is 6.172%, given the rapid growth rate of GDP, which is due to the absence of carbon emission reduction measures. It can be seen from Figure 2 that after the carbon tax is levied, the reduction in the carbon intensity is obviously relative to the scenario without a carbon tax. In the CTB40 and CTB50 scenarios, the reduction of the carbon intensity is more obvious than in the CT20, CT30, and CT40 scenarios. This is mainly because increasing the carbon tax while reducing the indirect production tax in the same proportion will decrease product prices, increase consumer demand for products, enlarge the scale of reproduction, and increase GDP compared to the BAU scenario. At the same time, compared with CT20, CT30, and CT40, the extent of the impact on carbon emissions is greater than the extent of the impact on GDP, so the changes in carbon intensity are more obvious than in the previous three scenarios. In addition, Figure 2 shows that the impact of a carbon tax on China's carbon intensity gradually weakens as time passes by. Taking CT30 as an example, from 2012 to 2030, the value of carbon intensity varies from 1.446 t/10 4 yuan to 1.373 t/10 4 yuan, and the magnitude of the decrease is 5.048%. From 2030 to 2050, the value of carbon intensity varies from 1.373 t/10 4 yuan to 1.346 t/10 4 yuan, and the magnitude of the decrease is 1.966%, which is similar to other scenarios. This suggests that the application of a carbon tax policy to reduce CO 2 emissions in agriculture-related sectors has an effect in the short term.
The impact of the carbon tax on China's carbon intensity is mainly through the impacts on GDP and on carbon emissions. Although the effect of reducing the carbon intensity is significant, as an important energy-saving policy, the feasibility of the carbon tax policy depends not only on its emission reduction effect but also on its economic costs. Considering this situation, the six indicators of GDP, CO 2 emissions, households' consumption, households' welfare, government expenditure, and investment are selected to reflect the impact of a carbon tax on the macroeconomy. The welfare of the households is mainly measured based on the extent of change in the income level of the households relative to BAU scenario. The specific results are shown in Figure 3 and Table 4 . emission reduction effect but also on its economic costs. Considering this situation, the six indicators of GDP, CO2 emissions, households' consumption, households' welfare, government expenditure, and investment are selected to reflect the impact of a carbon tax on the macroeconomy. The welfare of the households is mainly measured based on the extent of change in the income level of the households relative to BAU scenario. The specific results are shown in Figure 3 and Table 4 . The results of the simulation show that carbon tax has different effects on key macroeconomic variables in different scenarios. Overall, from the trend point of view, the impacts of carbon tax on CO2 emissions and government expenditures are similar. With the increase in taxation, CO2 reduction will be more and more obvious. In addition, emissions and expenditures of CTB40 and CTB60 are lower than those of CT60, but there is still a decreasing trend in CTB40 and CTB60. Moreover, the imposition of carbon tax on agricultural-related sectors will have the same impact trend on GDP, households' consumption, households' welfare and investment, which take effect by the impact of market supply and demand. Specifically, from 2012 to 2050, compared with BAU, the percentage changes in government expenditures and CO2 emissions show reverse bias, and the percent deviation gradually decreases. As shown in Table 4 , in the CT20 scenario, in 2012 and 2025, compared with BAU, CO2 emissions are 0.580% and 0.998% lower, respectively, and the magnitude of decrease is The results of the simulation show that carbon tax has different effects on key macroeconomic variables in different scenarios. Overall, from the trend point of view, the impacts of carbon tax on CO 2 emissions and government expenditures are similar. With the increase in taxation, CO 2 reduction will be more and more obvious. In addition, emissions and expenditures of CTB40 and CTB60 are lower than those of CT60, but there is still a decreasing trend in CTB40 and CTB60. Moreover, the imposition of carbon tax on agricultural-related sectors will have the same impact trend on GDP, households' consumption, households' welfare and investment, which take effect by the impact of market supply and demand. Specifically, from 2012 to 2050, compared with BAU, the percentage changes in government expenditures and CO 2 emissions show reverse bias, and the percent deviation gradually decreases. As shown in Table 4 , in the CT20 scenario, in 2012 and 2025, compared with BAU, CO 2 emissions are 0.580% and 0.998% lower, respectively, and the magnitude of decrease is 72.069% compared with BAU. In 2025 and 2035, CO 2 emissions are 0.998% and 1.443% lower, respectively, and the magnitude of decrease is 44.589%, which is in line with the above-mentioned finding that a carbon tax has a positive effect on reducing CO 2 emissions and improving energy efficiency in the short term. In addition, the CT20, CT40, and CT60 scenarios reverse the bias of percentage changes in GDP, households' consumption, households' welfare, and investment compared with BAU. However, the CTB40 and CTB60 scenarios show a positive deviation in above indicators compared with BAU. This suggests that if the carbon tax is applied alone, though the effect on CO 2 emissions will be significant, the overall macroeconomy will be sluggish, and the market demand will be depressed. As a result, the level of investment consumption will fall. When imposing a carbon tax and reducing the indirect production tax at the same proportion, due to economic expansion, the domestic market demand for products will increase and the level of investment in goods will also increase, thus stimulating consumer spending and leading to a substantial increase in GDP, as well as welfare. By comparing the CT20, CT30, and CT40 scenarios, with the change of carbon tax rate ranging from 20 yuan/t to 40 yuan/t, the effect of a carbon tax on macroeconomic variables is becoming more and more obvious. Taking 2050 as an example, compared with BAU, the GDP in the CT20, CT30, and CT40 scenarios is 0.828%, 0.930%, and 1.072% lower, respectively. Carbon emissions are 2.597%, 2.821%, and 3.043% lower, respectively. Households' consumption is 0.598%, 0.643%, and 0.723% lower, respectively. The trend of households' welfare, government expenditure and investment are the same as the above indicators. This indicates that as tax rates increase, the degree of impact on macroeconomic variables is more serious. Although a high tax rate will help decrease the carbon intensity, promote energy efficiency, and restructure industries as well as reduce emissions, which are in line with the purpose of the carbon tax levied, it will also cause enormous pressure on the macroeconomy and will ultimately lead to economic depression. Therefore, the objective of a carbon tax policy is to determine the optimal carbon tax with the aim of the maximum reduction in emissions and the least negative impact on the economy. On the contrary, in the balanced tax scenarios of CTB40 and CTB60, increasing the carbon tax will expand the scale of production. The higher the carbon tax is, the lower the production tax is, and the more positive the impact on the economy.
The Impact of Carbon Tax on Agriculture-Related Sectors
This article mainly focuses on the impact of a carbon tax policy on agriculture-related sectors. Therefore, the results of other departments such as the manufacturing and mining industry, construction industry, transport industry, and service industry are not listed. On the analysis of the macro-environment and the macroeconomic effects of a carbon tax levied on the production process in agriculture-related sectors, this article has elaborated on the positive effect of a carbon tax on emission reduction and the negative effect of a carbon tax on restraining economic development, and it further considers the impact of a carbon tax on the various industries of agriculture. Specifically, 23 different industries related to agricultural activities are considered. As the level of the return on capital will have a direct effect on farmers' willingness to invest, it will directly determine the future direction of the flow of farmers' funds with a strong incentive orientation. Moreover, the output levels and income levels in agricultural industries are major concerns of the government and farmers, which are related to the livelihood of farmers. These indicators are also key factors to maintain social stability. Therefore, the effects of the different scenarios on the various agriculture-related sectors are analyzed from those three perspectives: the return on capital, the output level, and the income level.
The Changes in the Return on Capital of Agriculture-Related Sectors
As shown in Figure 4 , levying a carbon tax on the production process in agriculture-related sectors will have a significant impact on the return on capital of agriculture-related sectors compared with levying a noncarbon tax. However, different scenarios can generate different positive and negative offsets. As shown in Tables 5-7 , the five agriculture-related sectors that experience the greatest impact on the return on capital when a carbon tax is levied on the production process are fruit and other planting, forestry, rice planting, the dairy industry, and corn planting. The five industries with the least impact on the return on capital are the leather products industry, tea planting, tobacco planting, cotton, hemp planting, and the textile industry. The main reason for the polarization of the impact on capital return is the difference in carbon emissions between the different industries. A carbon tax on agriculture-related sectors with more carbon emissions will increase the input costs much more than in agriculture-related sectors with less carbon emissions.
By comparing different scenarios according to the positive and negative offsets of the return on capital, the agriculture-related sectors can be roughly divided into two categories. In the first category, the carbon tax has a negative impact on agriculture-related sectors. This category includes rice planting; wheat planting; corn planting; beans and potato planting; peanut, rapeseed, and sesame planting; cotton and hemp planting; tobacco planting; tea planting; fruit and other planting; animal husbandry; forestry; and the fishery industry for a total of 12 industries. In the second category, the CT20, CT30, and CT40 scenarios have negative impacts on the return on capital in the agriculture-related sectors, but the CTB40 and CTB60 scenarios have positive impacts on the return on capital. This category includes 11 agriculture-related industries other than the above 12 industries. The main reason may be that the first category of agriculture-related sectors includes basic agricultural industries, in which the cycle of congenital production is long and supply regulations lag behind changes in market regulations, and the provision of food cannot be substituted. If a carbon tax is levied on those subsidized industries while the indirect production tax is reduced at the same ratio, for the first category of subsidized industries, since these industries are already subsidized by the government, they cannot enjoy the benefits of reducing the indirect taxation. Instead, it will increase the production costs of these subsidized industries. Moreover, it is not conducive to the production of capital accumulation, and will eventually lead to a lower return on capital. For the second category of nonsubsidized industries, the benefits of reducing indirect tax can be mainly applied to these nonsubsidized industries such as the dairy industry, the slaughter and meat processing industry, etc. As a result, these nonsubsidized industries will expand their production scale to lower input costs, improve revenue, and increase the input-output level, ultimately improving the return on capital. Table 7 . The changes in the return on capital in agriculture-related sectors under different scenarios compared with the BAU scenario (%) (from sugar to wood products). As shown in Figure 5 , a carbon tax on agriculture-related sectors will have a significant impact on the output level compared with the non-introduction of a carbon tax, but the impacts vary depending on the specific agriculture-related industry. At the same time, different scenarios generate different positive and negative offsets. As shown in Tables 8-10 , the five agriculture-related sectors with the greatest negative impact on the levels of output are fruit and other planting, the animal and plant oil processing industry, forestry, the wood products processing industry, and the sugar products processing industry. The five agriculture-related sectors with the least negative impact on the levels of output are tobacco planting, the textile industry, cotton and hemp planting, tea planting, and the fishery industry. In contrast, the impact of the introduction of a carbon tax on agriculture-related sectors that are subsidized is generally smaller than the impact on nonsubsidized agriculture-related sectors.
Scenarios
In addition, Figure 5 shows that, in the CT20, CT40, and CT60 scenarios, although the slaughter and meat processing industry and the leather products industry have positive deviations from the BAU levels of output, the other 21 agriculture-related sectors show different degrees of negative deviation in the levels of output. This may be due to taxation leading to increased costs for agriculture-related sectors that emit CO 2 into the air, ultimately leading to a rise in the output prices of their agricultural products. In order to avoid the cost of the carbon tax, agriculture-related sectors such as the slaughter and meat processing industry and the leather products industry will promote agricultural CO 2 emissions reduction through technological innovation or changing the mode of production, thus will lead to an increase in output levels of those sectors. However, in other agriculture-related sectors may reduce CO 2 emissions by reducing the scale of production. The former are called technology-intensive industries, and the latter are known as labor-intensive industries. That means that the more labor-intensive agriculture-related sectors are forced, by a carbon tax, to reduce their production scale, resulting in a negative shift in the levels of output in various agriculture-related sectors.
Finally, by comparing the different scenarios shown in Figure 5 and in Tables 8-10 , it can be seen that the impacts of the different scenarios with offsets, which are positive or negative relative to the output level, are different. The result is the same as with the impact on the return on capital of agriculture-related sectors. The main difference is between subsidized and nonsubsidized industries. It also shows that for subsidized agriculture-related sectors, introducing a carbon tax at the same time as indirect taxes are cut in proportion is not conducive to expanding production. Table 8 . The changes in outputs in agriculture-related sectors under different scenarios compared with the BAU scenario (%) (from rice to tea). It can be seen from Figure 6 that, subject to the decline in the rate of return on capital and the level of output, the imposition of a carbon tax on agriculture-related sectors will significantly change the income levels of the various industries in agriculture. show that the five industries with the greatest negative impacts on the income level after introduction of the carbon tax in agricultural production are the animal and plant oil processing industry, the sugar products processing industry, forestry, the wood products processing industry, and the drinks and refined tea processing industry. In the CT20 scenario in 2020, the corresponding income levels are 1.577%, 1.166%, 1.159%, 1.124%, and 0.952% lower, respectively, compared with BAU, whereas the corresponding rates of return on capital are 2.079%, 1.773%, 3.714%、1.605%, and 1.652% lower, respectively, It can be seen from Figure 6 that, subject to the decline in the rate of return on capital and the level of output, the imposition of a carbon tax on agriculture-related sectors will significantly change the income levels of the various industries in agriculture. show that the five industries with the greatest negative impacts on the income level after introduction of the carbon tax in agricultural production are the animal and plant oil processing industry, the sugar products processing industry, forestry, the wood products processing industry, and the drinks and refined tea processing industry. In the CT20 scenario in 2020, the corresponding income levels are 1.577%, 1.166%, 1.159%, 1.124%, and 0.952% lower, respectively, compared with BAU, whereas the corresponding rates of return on capital are 2.079%, 1.773%, 3.714%, 1.605%, and 1.652% lower, respectively, compared with BAU, and the corresponding reductions of the output level are 1.124%, 0.787%, 1.015%, 0.957%, and 0.713%, respectively, compared with BAU, which are higher than those of the same index compared with BAU. This indicates that the level of income is closely related to the rate of the return on capital and the level of output. At the same time, compared with the other scenarios, we find that in the CT20, CT40, and CT60 scenarios, although the income levels of the slaughter and meat processing industry and the leather products industry show a positive deviation, the income levels of the other 21 agriculture-related sectors show different degrees of negative deviation. In addition, in the CTB40 and CTB60 scenarios, the level of income will increase compared with BAU in nonsubsidized agricultural industries, which may be related to a reduction in the production tax resulting in the expansion of the scale of production, increasing production and stimulating consumption.
Discussions
Policy Implications
Through the above analysis, we can see that in order to achieve agricultural CO 2 emissions reductions, we cannot blindly imitate foreign advanced concepts and successful practices. On the contrary, we should combine these concepts with the specific circumstances of the various regions of China, according to local conditions, to explore suitable paths and methods for China's agricultural CO 2 emissions. Specific practices are as follows:
(1) Find the optimal combination of carbon tax policies.
The simulation results show that levying a carbon tax at the same time as cutting indirect taxes in proportion can reduce the negative impact on agriculture-related sectors. Therefore, the government should determine the carbon tax levied and at the same time set a reasonable carbon tax levy and increase the implementation of transfer payments and other supporting measures to ensure that energy-saving emission reduction measures are effective.
(2) Consider the time effect of the carbon tax.
Given that the effect of the carbon tax in the short term is stronger than in the long term, in the short term, a carbon tax can be the main measure to reduce emissions. In the long term, a carbon tax is as a supplemental tool, and other energy-saving emission reduction methods are the main measures.
(3) Actively explore ways to reduce CO 2 emissions in agriculture-related sectors.
As the results of this study show, due to the natural fragility of China's agriculture-related sectors, a carbon tax would impose a serious impact on China's economy of agriculture-related sectors. There is an urgent need to explore other ways to solve the problem of agricultural CO 2 emissions reductions, such as improving energy efficiency or using alternative energy sources, etc., in order to minimize the intensity of the impact on agriculture-related sectors.
As the scope of carbon tax levied mainly due to the combustion of fossil fuels caused by CO 2 emissions, this paper does not consider other CO 2 sources such as pesticide and fertilizer. Finally, the relevant policy recommendations based on the results mainly reflect the impact of the carbon tax levied on the intermediate production process of agricultural-related sectors. Therefore, when considering limiting CO 2 emissions in agricultural-related sectors, on the one hand, tax means can be useful; on the other hand, reducing the intensity of agricultural chemicals, and gradually increasing the input proportion of organic fertilizer, biological pesticides, and other low-carbon green production can limit CO 2 emissions effectively.
Future Prospects
Although the carbon tax is considered to be one of the most efficient policy means for reducing emissions, it has been controversial about how exactly the carbon tax is levied. Due to the limitations of research conditions, research level, and time, this paper has some of the shortcomings. In the future, efforts and improvements can be made in the following aspects.
(1) Introduce carbon trading mechanism to make the scenarios more colorful under the premise of the combination of the carbon tax policy and the carbon trading mechanism. (2) Further improve the accuracy of the data. Most of the parameters in this model refer to the existing research results. In future research, more detailed data surveys should be conducted to calibrate the parameters more accurately and should be more in line with the characteristics of the real economy. (3) Strengthen the model scenarios design to improve the degree of discrimination of carbon tax impacts between different scenarios. (4) Update the basic data in a timely manner to improve the accuracy of the results.
Conclusions
As a basic industry in China, agriculture has faced more and more problems from CO 2 emissions. Therefore, under the premise of ensuring the stability of China's agriculture-related economics, formulating effective policy mechanisms to reduce agricultural CO 2 emissions is a serious problem.
Based on this situation, this article analyzes the degree of influence of agricultural CO 2 emissions on the macroenvironment, on macroeconomic variables, and on the specific agriculture-related sectors of the 3EAD-CGE model. The conclusions are as follows:
(1) Whether the short-term and long-term effects of carbon taxes on agriculture-related sectors would be significant if the carbon tax was simply implemented at an incremental rate rather than compensating for the negative effects of carbon taxes. This study provides detailed data that supports the views of most people against the imposition of a carbon tax. From the simulation results, we can see that the capacity in China's agriculture-related sectors to deal with CO 2 emissions is very fragile. The conclusion of this analysis also verifies why the Chinese government did not adopt the relevant agencies' recommendations to levy a carbon tax in 2012. (2) A policy levying a carbon tax at the same time as cutting indirect taxes in proportion will exert a negative impact on agriculture-related sectors that are subsidized, but the impact is gentler than carrying out a carbon tax alone. From the results of the current model simulations, scenario CTB60 can achieve the best result. However, such a policy is still not conducive to capital accumulation and capital expansion in agriculture-related sectors that are subsidized. In the future development of carbon tax policy, we must carefully consider its impact on the subsidized industries to ensure the output does not decline below China's base crop yield red line.
